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MECHANICAL INJURY SUPPRESSES AUTOPHAGY REGULATORS IN
CARTIALGE SUPERFICIAL ZONE AND ITS PHARMACOLOGICAL ACTIVATION
RESULTS IN CHONDROPROTECTION
B. Caramés1,2, N. Taniguchi1, D. Seino3, F. Blanco2, D. D’Lima3, M. Lotz1
1The Scripps Res. Inst., La Jolla, CA; 2Osteoarticular and Aging Res. Lab.
INIBIC–Complejo Hosp.ario Univ.rio A Coruña, A Coruña, Spain; 3Shiley Ctr. For
Orthopaedic Res. and Ed. At Scripps Clinic, La Jolla, CA
Purpose: Mechanical injury induces cell death in cartilage and triggers a
remodeling process that ultimately can manifest as osteoarthritis (OA). Au-
tophagy is a process for turnover of intracellular organelles and molecules
that protects cells during stress responses. This study determined whether
autophagy is activated and has a protective function in the cartilage
response to mechanical injury.
Methods: Cartilage explants were obtained from mature (14-30 months
old) bovine knee joints. Explants were subjected to single mechanical
impact (40% strain, 500 ms). Cell viability was analyzed by Live/Dead
cell assay, sulfated glycosaminoglyans (sGAG) released into supernatants
were quantiﬁed using dimethylmethylene blue (DMB) method and car-
tilage explants were evaluated histologically by Safranin O staining. The
autophagy regulators ULK1, Beclin1 and LC3 were evaluated by immuno-
histochemistry. To investigate the function of autophagy in response to
mechanical injury we treated the cartilage explants with the autophagy
inducer rapamycin (1 μM).
Results: Mechanical injury induced cell death in a time-dependent manner.
This increase was signiﬁcant at 24, 48 and 96 hours compared to control
explants without injury (P < 0.01). Expression of ULK1, Beclin1 and LC3
was decreased in the superﬁcial zone at 48 hours. To address the role
of autophagy after mechanical injury, we activated autophagy by treating
cartilage explants with rapamycin. This treatment signiﬁcantly reduced cell
death induced by mechanical injury at 48 hours (P < 0.05). We studied the
effect of mechanical stress on cartilage extracellular matrix by quantiﬁca-
tion of sGAG release into supernatants. These results showed an increase
of sGAG release into supernatants after injury, which was signiﬁcant at 48
and 96 hours compared to control explants without injury (P < 0.001).
In the presence of rapamycin, the levels of sGAG in supernatants were
signiﬁcantly decreased at 48 and 96 hours after mechanical injury (P <
0.001).
Conclusions: Mechanical injury to cartilage does not activate autophagy
and even suppresses Beclin1 and LC3 in the superﬁcial zone. These results
support the hypothesis that autophagy is compromised after mechanical
injury, predominantly in the superﬁcial zone where most of the cell death
occurs. Pharmacological interventions that enhance autophagy may have
chondroprotective activity after mechanical injury to articular cartilage.
208
CALCIUM INPUT MODULATES TRANSFORMING GROWTH
FACTOR-β1-INDUCED EXPORT OF INORGANIC PYROPHOSPHATE BY
CONTROLLING ANK EXPRESSION IN CHONDROCYTE: POSSIBLE INSIGHT
TO THE PATHOPHYSIOLOGY OF HYPERCALCEMIA-RELATED
CHONDROCALCINOSIS
F. Cailotto1, S. Sebillaud2, P. Reboul1, P. Netter1, J.-Y. Jouzeau1, A. Bianchi1
1LPPIA UMR 7561 Nancy Université CNRS, Vandoeuvre les Nancy, France;
2INRS, Vandoeuvre les Nancy, France
Purpose: Transforming Growth factor (TGF)-β1 stimulates the extracellular
inorganic pyrophosphate (ePPi) generation by chondrocytes, and promotes
calcium pyrophosphate dihydrate deposition disease (CPPDD), which also
occurs secondary to hyperparathyroidism-induced hypercalcemia. We pre-
viously demonstrated that ANK was the major player of TGF-β1-induced
increase in ePPi levels, and that ANK expression was regulated by ERK1/2
and Ca2+-dependent PKCα/β. We investigated the mechanisms by which
calcium ﬂuxes may affect ePPi metabolism in articular chondrocytes, with
special attention to the main ePPi regulating proteins ANK and PC-1.
Methods: Rat chondrocytes were stimulated with TGF-β1 (10 ng/ml). The
expression of ANK and PC1 (quantitative RT-PCR and western blotting) and
ePPi levels (radiometric assay) were studied in the presence of ranging
concentrations [1.25 to 5 mM] of extracellular Ca2+ (eCa2+). Experiments
were also done during a disturbed mobilization of intracellular Ca2+ (iCa2+)
induced either by Ca2+ ionophore Ionomycin (1 μM), phospholipase C (PLC)
inhibitor U73122 (10 μM) or Ca2+ chelator BAPTA (1 μM). The contribution
of Ca2+ voltage-operated channels (VOC) was assessed by measuring cellular
Ca2+ input with the ﬂuorescent probe Fluo-4 during blockade of VOC with
a panel of selective inhibitors: Agatoxin (1 μM) for P/Q-VOC, Conotoxin (1
μM) for N-VOC, Lercanidipin (10 μM) for L-VOC and NiCl2 (500 μM) for
T-VOC. The involvement of the Ca2+-sensing receptor (CaSR) was checked
with the agonist GdCl3 (100 μM). The contribution of ERK1/2, PKCα/β and
Sp1 signaling pathways to the TGF-β1-induced PPi export was investigated
by western blotting. Any crosstalk between these pathways was evaluated
using selective inhibitors [PD98059 (10μM) for ERK1/2, WP631 (1 μM) for
Sp1 and Gö6976 (5 μM) for PKCα/β]. RNA silencing (10 nM) was assessed
to evaluate the contribution of Sp1 to the ePPi generation. The activity of
the Ank promoter was also evaluated by a gene reporter assay.
Results: eCa2+ stimulated TGF-β1-induced ePPi levels in an dose-dependent
manner. This effect was supported by the up-regulation of Ank and PC-1
mRNA and protein levels, as well as a major input of Ca2+ into chondro-
cytes. Blockade of the L- and T-VOC decreased signiﬁcantly the stimulating
effects of TGF-β1 on ePPi levels (by 40 and 75% respectively), and the
mRNA levels of Ank (by 60% and 95% respectively) and PC-1 (by 50% and
95% respectively). Lercanidipin and NiCl2 reduced signiﬁcantly the TGF-
β1-induced Ca2+ input, whereas the other blockers and the CaSR agonist
were ineffective on the TGF-β1 effects. An iCa2+ increase enhanced the
stimulating effects of TGF-β1, whereas its chelation reduced them. Blockade
of PLC was ineffective, indicating that the regulating role of TGF-β1 is on
the input of eCa2+. The ability of TGF-β1 to activate ERK1/2 and PKCα/β, and
to increase Sp1 level, was strongly reduced by blockade of L- and T-VOC or
Ca2+ chelation, while being enhanced by the Ca2+ ionophore. RNA silencing
of Sp1 almost suppressed the stimulating effects of TGF-β1 (ePPi level,
ANK and PC-1 expression). Using the inhibitors of Sp1, ERK1/2 or PKCα/β,
we demonstrated that these pathways were activated independently by
TGF-β1, and none of them modulated the Ca2+ input. In contrast, activation
of the Ank promoter by TGF-β1 was strongly reduced by blockade of L- and
T-VOC, while being enhanced in a synergistic manner by overexpression of
SP1 or ELK-1 (a transcription factor activated by ERK2).
Conclusions: Our data demonstrate that the input of eCa2+ is critical
for the stimulating effects of TGF-β1 on ePPi levels, due to its ability to
enhance expression of ANK and PC-1. Entrance of eCa2+ is mediated by L-
and T-VOCs, and precedes activation of Sp1, ERK1/2 and PKCα/β signaling
pathways to regulate the Ank promoter. These data provide, for the ﬁrst
time, a possible mechanism to explain the pathophysiological role of a high
eCa2+ level in the occurrence of secondary CPPDD.
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THE TRANSCRIPTION FACTOR ISOFORM EPITHELIAL SPECIFIC ETS
(ESE)-1B IS AN INHIBITOR OF CARTILAGE CATABOLISM AND
DEGRADATION
K. Bobacz, I.-G. Sunk, J. Hofstätter, L. Amoyo, A. Soleiman, S. Hayer,
J.S. Smolen
Med. Univ. of Vienna, Vienna, Austria
Purpose: It has been postulated that the transcription factor epithelial
speciﬁc Ets (ESE)-1 plays a role as pro-inﬂammatory molecule in arthritis.
Here we investigated the expression and function of ESE-1 in articular
cartilage.
Methods: The presence of ESE-1 was assessed on the protein and mRNA
level by immunohistochemistry and PCR in human articular cartilage. Ex-
pression vectors containing either the full length or a truncated, dominant
negative form of ESE-1b were generated in order to transfect primary
human articular chondrocytes as well as the chondrocyte cell line C-28/I2.
Additionally, stimulation experiments using IL-1β or native type II colla-
gen were performed in primary human articular chondrocytes or C-28/I2
cells. Quantitative real-time PCR (qPCR) and Western immunoblotting was
used to determine differences in mRNA and protein expression of ma-
trix proteinases matrix metalloproteinase (MMP)-13. Additionally, mRNA
expression of a disintegrin and metalloproteinase with thrombospondin
motifs (ADAMTS)-4 and -5 as well as interleukin (IL)-1β was assessed.
Results: The splice variant ESE-1b was dominantly expressed in articular
cartilage and was up-regulated with increasing tissue damage. Functional
analysis revealed that ESE-1b represses the mRNA/protein expression of
MMP-13, as well as the mRNA expression of ADAMTS-4/-5 and IL-1β
in primary human articular chondrocytes and C-28/I2 cells. Under the
inﬂuence of catabolic signals, ESE-1b expression is initially decreased but
up-regulated in a situation of chronic tissue degeneration due to arthritis,
where it aims to suppress proteinase expression.
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Conclusions: ESE-1b functions to regulate the expression of matrix pro-
teinases and IL-1β in articular cartilage. Thus, this transcription factor might
be potentially involved in slowing down disease progression of chronic
arthritides by suppressing proteinases and IL-1β expression.
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IDENTIFICATION OF POST-TRANSCRIPTIONALLY REGULATED GENES
FOLLOWING EXPOSURE OF HUMAN ARTICULAR CHONDROCYTES TO
HYPEROSMOTIC CONDITIONS
S.R. Tew, P.D. Clegg
Univ. of Liverpool, Liverpool, United Kingdom
Purpose: A number of physiochemical stimuli are thought to be important
for regulation of chondrocyte function. One of the most widely studied
is extracellular osmolarity which is thought to be altered as water is
expelled from articular cartilage during loading. A number of studies have
demonstrated that chondrocyte extracellular matrix (ECM) synthesis can be
regulated by changes in the osmotic environment. We previously demon-
strated that human articular chondrocytes (HAC) grown in hyperosmotic
conditions increase the expression of the transcription factor SOX9, a
key regulator of cartilage ECM genes, by stabilizing its mRNA. We were
interested in whether other genes were controlled in a similar manner
and so conducted a microarray screen to examine genes regulated by
hyperosmolarity. Then, using in silico and in vitro approaches, we identiﬁed
genes which were regulated post transcriptionally.
Methods: Human articular cartilage was obtained with informed consent
from patients undergoing knee replacement operations for osteoarthritis.
HAC were isolated by collagenase digestion, plated at 100,000 cells/cm2
and used in experiments within 24 hours. Cells from four donors were
used to perform microarray experiments and a further two for mRNA
decay studies. For microarray analysis the cells were initially grown in
serum free media adjusted to 380mOsm by addition of NaCl for 2 hours.
The media was then replaced with more 380mOsm media (controls) or
media adjusted to 550mOsm (hyperosmotic) and the cells were cultured
for a further 5 hours. Total RNA was then extracted from the HAC cultures
using Tri Reagent and sent to The Genome Centre, Queen Mary University
London where the samples were processed and used to probe an Illumina
Human Ref8 v.3.0 array. Genes increased by hyperosmolarity by an average
of 2-fold across all four donors were subjected to further analysis. The
presence of potential AU-rich elements (AREs) in the 3‘UTR of regulated
genes was determined by searching the AU-rich element database (ARED
- http://brp.kfshrc.edu.sa/ARED/). Real time PCR analysis was performed to
examine mRNA decay in actinomycin-D chase experiments which were
conducted on HAC under control or hyperosmotic conditions.
Results: Principal components analysis of microarray data revealed that
the major variation was caused by the difference in osmolarity between
cultures. 88 genes were upregulated >2-fold and 51 genes were down-
regulated >2 fold by hyperosmotic conditions. We focused on upregulated
genes in order to ﬁnd candidates that may have undergone mRNA stabiliza-
tion. Interrogation of the ARED database showed an overrepresentation of
ARE’s in the genes strongly upregulated by hyperosmolarity. Overall, 32% of
hyperosmotically regulated genes contained predicted ARE’s compared to a
genome wide value of less than 7%. The largest subset of ARE’s belonged to
the ARED deﬁned cluster type 5. RNA decay analysis of a number of these
genes showed that they demonstrated short mRNA half lives (min 1 hour
max 7.4 hours, average 3.2 hours) in HAC under control conditions. Fur-
thermore in 9 out of 15 cases, hyperosmotic culture conditions stabilized
the mRNA of these genes.
Conclusions: Recent microRNA research has underlined the importance of
post transcriptional control to gene regulation. Building on previous work
on post transcriptional control of SOX9 mRNA we have now described sim-
ilar regulation of a diverse set of genes. By combining microarray analysis
with in silico interrogation of the ARED database we have been able to
rapidly identify many genes which are post transcriptionally regulated in
HAC following exposure to hyperosmotic conditions. These genes have a
broad range of functions but all harbor ARE’s in their 3‘UTRs indicating
that common molecular mechanisms may be acting on these elements. It is
not clear whether these responses are limited to hyperosmotic stimulation
and further analysis of the stimuli and mechanisms involved is warranted.
An understanding of post transcriptional gene control by chondrocytes will
improve our appreciation how chondrocytes maintain cartilage homeosta-
sis and could result in identiﬁcation of therapeutic targets for treating joint
diseases.
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EVIDENCE FOR INCREASED TYPE I COLLAGEN BEING AN EARLY FEATURE
OF CARTILAGE DISEASE IN ANTEROMEDIAL OSTEOARTHRITIS OF THE
KNEE
C. Jayadev1,2, R. Rout1,2, S.M. McDonnell1,2, A.P. Hollander3, I. Clark4,
P. Hulley1,2, A.J. Price1,2
1Nuﬃeld Dept. of Orthopaedics, Rheumatology & Musculoskeletal Sci., Univ. of
Oxford, Oxford, United Kingdom; 2NIHR Musculoskeletal BioMed. Res. Unit,
Oxford, United Kingdom; 3Dept. of Cellular & Molecular Med., Univ. of Bristol,
Bristol, United Kingdom; 4BioMed. Res. Ctr., Univ. of East Anglia, Norwich,
United Kingdom
Purpose: Antero-medial gonarthrosis (AMG) is a distinct phenotype of knee
osteoarthritis (OA) that displays a constant and repeatable spatial pattern
of disease.
There is evidence from the literature supported by our own work for type
I collagen immunohistochemical staining in chondrocyte clusters and their
territorial matrix at the surface of damaged cartilage regions.
The aim was to quantitatively assess regional differences in type I and type
II collagen in cartilage from knees with AMG and aged, non-osteoarthritic
controls
Methods: Ten medial tibial joint resection specimens obtained from pa-
tients undergoing partial knee replacement were examined (mean age =
67 years). Full thickness cartilage was harvested from deﬁned zones: N
(macroscopically preserved cartilage) and T1, T2, and T3 (partial thickness
cartilage damage).
Sixteen equivalent control specimens were harvested from patients under-
going above knee amputation for peripheral vascular disease (mean age =
76 years). Only knees with no macroscopic evidence of osteoarthritis were
included. Control specimens were grouped according to histological grade
(modiﬁed Mankin score): 8 low-grade (score 3, “early OA group”). Cartilage
was harvested from equivalent zones. All samples were prepared using
optimised protocols for immunoassay for collagen type I and type II, and
quantitative real-time polymerase chain reaction (qrt-PCR) for the genes
COL1A1 and COL2A1.
The immunoassay used speciﬁc antibodies that have been validated and
published in the literature. The collagen content in micrograms is ex-
pressed as a percentage of sample dry weight. GAPDH was used as the
endogenous reference gene for qrt-PCR. Non-parametric tests were used
for statistical analysis of the results (Prism 5, Graphpad Software Inc.):
the Kruskal-Wallis test (post-hoc Dunn’s test) for the immunoassay; the
Wilcoxon signed ranked test for qrt-PCR. Statistical signiﬁcance was set at
p=0.05.
Results: Immunoassay: Type II collagen content (∼50% of dry weight) was
not signiﬁcantly different between cartilage zones in AMG, low-grade or
high-grade control specimens (p=0.375). There was no signiﬁcant different
between AMG and control specimens. Type I collagen content showed a
signiﬁcant regional difference in AMG (p=0.001) and high-grade control
specimens (p=0.015). The median type I collagen content was ∼1% of dry
weight in the damaged zones (T1, T2 & T3) and ∼4.5% of dry weight in the
preserved cartilage (N) for both AMG and high-grade controls. There was
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